Introduction
There is very little comparative literature on the precise indications and patient selection process, optimal timing, or optimal methodology for successful initiation of home mechanical ventilation (HMV). Studies describe marked variability in frequency, types of patients and patterns of ventilation between different centers, while the field continue to evolve. What literature there is generally describes the types of individuals treated, how ventilation was initiated and some outcome data (with little of this data specific to pediatrics). Most programs have developed criteria and protocols for initiation of HMV based largely on empirical experience. Although these protocols are generally fairly similar, being based on similar experiences and therapeutic goals, there is still a lack of agreement, and even less objective data, as to precisely who would benefit from long-term HMV or exactly when in the child's disease process it should be optimally initiated. Driven by costs, recognition that long-term institutionalization is a far-from-ideal environment for both child and family and development of technology that allows for children on long-term ventilation to be safely cared for at home, the stated goal in almost every program is for longterm ventilation to occur within the home environment. Consequently, consideration of the practicalities of discharge to home need to be an integral component of the decisionmaking process. Given that these children, by definition, are facing life-limiting illnesses, and that caring for these children at home has a huge impact on family finances and functioning, the relative absence of objective evidence providing support for these protocols is problematic.
Results
We retrieved 2760 English-language publications that were relevant to our inclusion criteria and dealing with HMV in children. There were 547 duplicates. The abstracts of the remaining 2213 articles were reviewed to ensure the content was relevant. We excluded editorials, commentaries and review articles. A total of 33 articles were included.
Discussion

Initiation of ventilation: Summary of the literature
Most published articles describe the course in hospital and the discharge process; the majority of the papers are commentaries, editorials or review articles. We found a total of eight articles from Turkey, US, Italy, the UK and Canada that reported on the length of stay for children initiated on long-term invasive ventilation for the first time. This ranged between 46 days to 9.6 months. [1] [2] [3] [4] [5] [6] [7] [8] For NIV, the majority of patients are initiated as an outpatient or in a polysomnography (PSG) laboratory. Barriers that were encountered during the discharge process can be classified into eight categories: 1) housing issues (e.g., lack of running water or electricity); 2) funding of equipment; 3) receiving equipment for home; 4) social issues related to the family; 5) illness of the child from another disease; 6) issues with community caregivers (e.g., inconsistent caregivers, lack of training of caregivers in the community) or arranging out-of-home placements; 7) lack of a coordinated approach to discharge and the absence of a clear coordinator; and 8) delays in organizational decision making and attitudes of professionals. [2] [3] [4] 6, 9, 10 For example, some parental caregivers have reported that their children stayed in hospital for prolonged periods of time because some professionals did not think the families could cope at home, while other healthcare providers felt the children were safer in hospital.
Most papers simply describe which individuals were placed on long-term ventilation, how ventilation was initiated and some outcome data (Table 1 ). There are also usually descriptions of the various components to be established in the HMV program. Even with adult programs there is rarely, however, any detailed description as to: a. the specific criteria (other than hypercapnea) used to determine that long-term ventilation was appropriate or required b. the processes involved in evaluating and providing family and patient education c. methods used to identify and ensure provision of the resources necessary in the community for the success of ventilation.
There is even less pediatric-specific data. Logically, protocols should exist that address these issues prior to initiation of ventilation, with initiation occurring as part of a structured plan, thereby increasing the probability of long-term success. We have, therefore, outlined below the key components of the process for initiating and discharging a child on long-term ventilation. These considerations are essential to facilitate a timely and safe transition from hospital to home (see Appendix 1).
Indications for initiation of HMV:
As with any other treatment, before initiating long-term ventilation, there should to be a clear discussion and documentation of the indications and long-term therapeutic goal(s). Over the years, several criteria have been suggested as indications for initiation of HMV: a. Prolongation of life: This is the most common justification, particularly for invasive ventilation. i. Invasive ventilation: For children in end-stage respiratory failure in whom noninvasive ventilation (NIV), for whatever reason, is not an option, invasive ventilation remains the only option to prolong survival. The decision to proceed with invasive ventilation via tracheostomy involves a discussion surrounding the individuals' expected outcome and quality of life. This obviously precludes the performance of randomized control trials. ii. NIV: The indications for NIV are less clear than for Invasive ventilation, particularly for patients where ventilatory support is "optional" (patient able to breathe without support, but borderline and hence at risk, such as during respiratory infections). Although the authors know of no randomized control studies looking at the impact of NIV on increased survival, there is good comparative data documenting an increased survival benefit in specific populations. [11] [12] [13] [14] There is only one study, however, that evaluated prophylactic initiation of NIV (initiating NIV before onset of respiratory failure). 15 Seventy patients with Duchenne muscular dystrophy and Forced Vital Capacity (FVC) between 20 to 50%, yet without daytime hypercapnea, were randomized to receive either prophylactic NIV or conventional care. There was no evidence of any impact on deterioration in pulmonary function or hypercapnea.
The study was terminated early, however, because of a paradoxical fourfold increase in mortality rate in patients on NIV. There was no clear cause for this increased mortality risk. There were also concerns raised as to the methodology (patients were unblinded as to treatment), so whether prophylactic initiation of NIV offers a survival benefit remains open to question. This contrasts with the study by Ward et al, 16 where children with neuromuscular or chest wall disease, and nocturnal but not daytime hypoventilation, were randomized to either NIV or spontaneous breathing at night. Although there were no deaths, nine of 10 controls required institution of ventilatory support within an average of 8.3 months. In addition, patients with nocturnal hypoventilation progressed to daytime hypercapnia within 12-24 months. b. Improved quality of life (QoL): This is discussed in Section 13 (Psychosocial issues) and in some of the disease-specific sections. c. Prevention of either deterioration in pulmonary function or respiratory exacerbations: Several studies have shown that initiation of NIV fails to prevent subsequent deterioration in pulmonary function. 15, 17 NIV does, however, reduce the probability of requiring re-admission, at least within the year following its intiation. 18 2. Identifying the long-term HMV candidate: Children that are being considered for HMV at home have lifelimiting conditions. Multiple failed extubation attempts and/or dependence on mask NIV for 16 hours per day and not a candidate for mouthpiece ventilation are medical indications to move forward with invasive HMV. HMV may have a huge impact on not only the child's QoL and life expectancy, but also the entire family's QoL, free time and financial well-being. [19] [20] [21] This is further compounded by the marked variability in resource availability, not only within the community but also between families. a. Screening: There is good evidence that in children with progressive neuromotor or pulmonary disease, there is a predictable evolution in their respiratory failure: sleep-disordered breathing (SDB) without hypercapnea, SDB with hypercapnea in REM sleep, SDB with hypercapnea in REM and slow-wave sleep and then daytime hypercapnia. 22 It is also well recognized that this can be an insidious process (obviously being altered or hastened by respiratory infection or other impairments of respiratory function). Patient symptoms and clinical evaluation is therefore frequently insufficient for reliable diagnosis. 23 b. Location for initiation: Initiation of ventilation can occur in hospital (ward or intensive care unit), in the sleep laboratory or even as an outpatient, depending not only on the child's clinical status, but also the local resources, particularly the availability of knowledgeable personnel, and the ability to perform comprehensive monitoring to asses adequacy of ventilation (i.e., PSG and/or oximetry plus capnography. One randomized trial demonstrated that NIV could be initiated just as successfully in an outpatient as an inpatient setting. 24 The initiation of invasive ventilation can occur in an ICU setting. c. Ability to care for the child in the home environment: The ability of the family to care for the child needs to be carefully evaluated. The child should be medically stable (unless palliative), including the presence of a stable airway, stable oxygen requirements (usually less than 40%), should be able to maintain blood carbon dioxide levels within safe limits on the home ventilator and nutritional intake must be adequate to maintain growth and development. All other health conditions, pain and dyspnea included, should be well controlled. It also must be feasible to provide the level of support and intervention that the child will need at home. The need for laboratory tests and frequent changes in treatments should be at a minimum to ensure community caregivers can manage the child in the home environment. The parents need to understand the long-term prognosis and must be willing and capable to meet the child's complex needs in the home environment. 25 3. Preparation of family and patient: Families with a child who has chronic respiratory failure must choose between accepting long-term assisted ventilation and forgoing life-assisting technology for their child. 26 a. The patient and family need to have a clear understanding of the potential benefits of HMV in their child (e.g., improved function, prolongation of life) as well as the risks, for either noninvasive (e.g., pressure effects of mask, inadequate or loss of ventilation due to dislodgement) or invasive (e.g., risks of surgery, accidental decannulation or mucus plugging of tracheostomy) ventilation, as appropriate. Other considerations at the family level are described in Section 13 (Caregivers). This is a major decision for many families. Most published protocols emphasize the need for the patients and their families to be given adequate time and information prior to initiation of HMV to allow them appropriate planning and support their ability to provide informed consent. Discussion regarding possibility of HMV should commence close to the time of diagnosis of the illness, be progressively discussed as the disease advances and certainly mentioned long before imminent respiratory failure. 27 Unfortunately, even when the child's disease has a predictable course and outcome, all too often, this does not occur. 27 See Section 14 for a detailed discussion of the ethical considerations when initiating long-term mechanical ventilation. b. The medical team and the patient and family need to be in agreement with the decision to move forward with HMV.
Conclusion
HMV has become an accepted therapy for a variety of diseases. Although multiple protocols exist for initiation of HMV, these protocols are largely based on empirical observation and clinical necessity, with very little in the way of comparative data to evaluate the optimal methodology and selection criteria for initiation of long-term HMV. Such evidence-based protocols are urgently needed.
Recommendations
The following recommendations are based on limited evidence from studies and consensus of the pediatric HMV guidelines panel.
Initiation of long-term ventilation in children Transition to home. Once the decision has been made to move ahead with HMV via tracheostomy, discharge planning should begin immediately. The course in hospital can be subdivided into three main categories: 1) establishing the mechanical ventilation parameters for the transition to home; 2) caregiver training; and 3) discharge planning.
1. Ventilation parameters for the transition to home: As soon as the patient is deemed medically stable and the decision has been made to go ahead with HMV, work should begin to determine the ventilator model, mode of ventilation and settings. The patient should try potential home ventilators to ensure that their gas exchange can be adequately managed on an appropriate home unit. An early introduction of the home ventilator will also facilitate adherence and serve to identify any pitfalls early. Oximetry, transcutaneous carbon dioxide measurements, blood gases and bedside assessments can be used to titrate the settings and maximize the time off of the ventilator in a 24-hour period. Consideration should also be given for a polysomnogram prior to discharge for titration of the ventilator settings if clinically indicated. Readiness for a speaking valve should also be investigated once there is a significant leak through the tracheostomy tube, if the patient is clinically stable and able to tolerate it. In general, it is recommended that children should be on stable ventilator settings, with adequate gas exchange, for two weeks prior to discharge home. 2. Caregiver training requirements: Caregiver training is dependent upon several factors: a. Medical fragility of the child: There is an interrelationship between the medical fragility of the child, their ability to self-care and the complexity of the care they require. This is influenced by the following: i. Children who are dependent on ventilation for survival (failure of ventilatory support leads to rapid demise) are more fragile than those who are able to breathe without assistance (e.g., those with neuromotor disabilities). ii. Children who also have other diseases that require additional technological support, such as enterostomy feeds or catheterization, are also more fragile. b. Mode of ventilation (invasive vs. noninvasive) and, hence, the complexity of equipment required: This has a significant impact on the depth of caregiver training required, being greatest for children on invasive ventilation. These patients require caregivers knowledgeable not only in ventilator but also tracheostomy management, with tracheostomyrelated events being a principal cause of death in these patients. 28 Since adverse events can occur at anytime, 29, 30 it is recommended that a child with a tracheostomy receive 24/7 care by an alert, trained caregiver. 31 This requires a minimum of two caregivers who are able and willing to be trained in tracheostomy and ventilator care to care for the child once he or she goes home. The length of the caregiver training program varies (usually in the order of six-to-eight weeks), but depends on the readiness, availability and abilities of the designated caregivers. 29, 30 The family should also receive support to care for the child in the community from paid caregivers, who may include nurses, personal support workers or trained laypeople. However, the number and type of paid community caregiver hours available to families varies across regions and provinces. Many families are therefore forced to rely on other supports, such as unpaid caregivers, family members, nannies, etc. These supports need to have sufficient knowledge and education to safely care for these children. A formal training schedule is therefore required for all of the child's caregivers. Although most programs have similar protocols, there are no validated criteria outlining the needed knowledge and skills necessary to care for a child on HMV. Most programs emphasize the need for a period of care by the parent(s) as the last step prior to discharge. During this time, the child remains an inpatientwith family caregivers being responsible for the ongoing care of the child in an environment where help is nearby if needed. In addition, all family caregivers must be Basic Life Support (BLS)-certified prior to the child's discharge home. Close to the time of discharge, family caregivers should have their knowledge and skills formally reassessed. c. Ability of the child to self-care: Infants and young children are dependent upon the continuous provision of care by adult caregivers. The long-term goal, however, is for the child to achieve as much independence as their illness and developmental level allows. Consequently the child should also participate, within the limits of their abilities, in the training program, and be encouraged to assume as much of a role in their self-care as they wish to and are capable of. 3. Financial considerations: Given the necessity of 24/7, eyes-on care, one parent often has to stop working to become the primary caregiver. This results in a significant income loss for the family Although most local governments provide some financial support for the required equipment, the relative contribution to the cost of the ventilator and needed supplies varies across provinces, and is rarely sufficient to cover all expenses. Furthermore, transportation costs (e.g., wheelchair accessible vans), costs associated with mobility devices (e.g., wheelchairs) as well as the cost of extra supplies when the child is ill all become added expenditures for the family. This inevitably results in a significant financial burden to most families. 31 
4.
Housing assessment: All children going home on invasive HMV require a housing assessment to determine suitability. Adequate space for the equipment and supplies, wide enough doorways for wheelchair access as well as the ability to do adaptations for home oxygen are all relevant considerations. Ideally the ventilator-dependent child would have his or her own room with adequate storage for supplies and equipment. There needs to be an adequate number of grounded electrical outlets and access to a telephone. The children need to live in a home with functional heating and cooling systems. An evacuation process in case of fire should be established. The need to find alternate housing that is suitable for the child is often a significant barrier to discharge. 5. Community services: The community-based homecare providers should be identified early. Furthermore, implementing "shadow shifts" in the ICU for the communitybased paid caregivers prior to discharge home facilitates continuity of care as well as a greater sense of trust in the community caregivers by the family. On occasion, community-based paid caregivers may have insufficient previous experience with this population, necessitating formal retraining. Similarly, tracheostomy and ventilator training may also be required for staff at the local hospital. The number of hours and type of paid caregiver hours funded by the government varies across provinces. Additionally, the specific needs of the family and fragility of the child will vary and a multi-disciplinary needs assessment is required on a patient-by-patient basis. 25 Homecare, including home visits from nurses and other professional services such as physiotherapy, respiratory therapy, occupational therapy, social work, psychology and respite care, all take time to arrange. Rehabilitation needs should also be considered. In addition, children with tracheostomies often have or are at risk for feeding difficulties. Feeding specialists or speech pathologists can be invaluable. A community pediatrician should also be identified and involved in the discharge planning. Therefore, it is essential that community partners are identified as early as possible in the process to prevent discharge delays. 6. Discharge planning: A multi-disciplinary assessment including the family, the patient, intensive care, respiratory medicine, nursing, social work, occupational therapy, physical therapy, respiratory therapy, the primary care pediatric provider, the community homecare agency and discharge planning should be performed to identify the particular needs of the child and family. The multi-disciplinary team needs to be coordinated by one primary case manager. The benefits of a dedicated case coordinator for a patient have been demonstrated, resulting in improvements in both length of stay as well as patient satisfaction. 7 The case manager acts as a liaison between the hospital-based teams and the community-based care providers. Some discharge programs will have two coordinators, a community practitioner and a hospital case manager. 25, 32 Regular multi-disciplinary team meetings should be scheduled regularly and a projected discharge date should be set. This should begin as soon as a decision has been made to proceed with HMV at home.
Discharge from hospital to home. 1. Discharge care plan: An essential component of a successful discharge from hospital to home is a discharge care plan. This should include the clinical information around ventilator dependence, the underlying disease and prognosis, the current ventilator settings, a plan in the case of acute illness or deterioration as well as the names and contact information of the main healthcare advisors. This treatment plan should be shared with local police, ambulance and fire department in case of an emergency. Furthermore, the local utility and telephone companies need to be informed that a child dependent on a ventilator is living in the area, so that they can prioritize service in case of service interruptions. The family caregivers need to be aware of what to do in the case of a medical emergency as well as in the case of a power failure. The family needs to have the telephone numbers of healthcare advisors, emergency services and home equipment providers all easily accessible. The healthcare team must ensure that the family has an adequate mode of transportation to transport the child to follow-up appointments as well as around the community. For children who require ventilation during transit, or have tracheostomy in place, it is recommended that if one caregiver is driving, there needs to be an additional caregiver in the vehicle monitoring the child's airway. 2. Ongoing care: A plan for ongoing follow-up and coordinated care between the local and specialized clinical teams is essential to successfully support the child and his or her family. 31 The family needs to be aware of this follow-up care plan. Depending on the child's status and needs, this will likely include an HMV program clinic follow-up two-to-four weeks after discharge and then every three-to-six months. The follow-up care of the child will also need to be coordinated with other specialists following the child. In addition, the child will, in many centers, undergo surveillance polysomnograms to assess the ongoing control of ventilation as the child grows. Consideration as to the frequency of investigations and monitoring may depend upon the distance the family is from the specialized center. Furthermore, family caregivers need to continue to receive ongoing tracheostomy and ventilator skills assessments and retraining. Kun et al. reported that overall, primary caregivers are reasonably well trained when assessed after their child has been discharged.33 However, further training on the technical aspects of ventilator alarms and tracheal mucous plugging may help to reduce or prevent emergencies of children on long-term HMV.33 3. School: Many children with a tracheostomy and invasive HMV attend school. Prior to the child attending school, there are a few essential considerations. An emergency plan needs to be clearly delineated for the child and the nearest emergency department to the school must be identified. A mobility plan for the child around the school, and the equipment that needs to be brought to school on a daily basis, needs to be identified. In addition, a tracheostomy and ventilation-trained caregiver needs to accompany the child at school and other allied healthcare services the child will receive at school need to be arranged. 4. Equipment: There is an extensive list of home equipment and supplies needed to care for an invasively ventilated child. Additionally, the child always needs to travel with a certain subset of equipment at all times (see Appendix 2) . An itemized checklist of needed equipment should be developed and checked by the team. Depending on the province, funding may need to be obtained to purchase the ventilator equipment or it may be on loan from a central agency. However, the families are responsible for the ordering of tracheostomy supplies from their local vendor. All of the essential equipment as well as supplies for the first three months should be delivered to the home prior to discharge. Equipment and supplies should be ordered as early as possible in the transition process to avoid delays in discharge.
Depending on the level of support required, alternate power sources need to be on hand in the case of a power failure, such as back-up batteries, back-up ventilator and generators. Furthermore, consideration needs to be given for additional equipment that may be needed, including enterostomy tubes and pumps, Hoyer lifts for transfers, wheelchairs and call bells. 5. Psychosocial Considerations: See Section 13 for psychosocial considerations of long-term ventilation.
Conclusion
The overwhelming majority of children receiving HMV are successfully discharged from the hospital to home. The success of HMV programs is in large part due to a coordinated, comprehensive multi-disciplinary approach driven by a central, hospital-based case manager and includes the dedication and commitment of family and community caregivers.
Research questions-Initiation of ventilation 
Recommendations
The following recommendations are based on limited evidence from 10 studies and consensus of the pediatric HMV guidelines panel.
Transition of children on long-term ventilation to home 1. Each institution caring for children on long-term mechanical ventilation to home should collaboratively develop a written care plan, with the family, healthcare providers in the referring center, as well as the community healthcare/homecare team involved in the patient's long-term care. (Grade 1C) 2. Lines of communication need to be established between regional centers and the community caregivers, with clear outlines as to respective responsibilities both for routine follow up, and emergencies associated with unexpected events such as illness or equipment failure. (Grade 1C) The following recommendations have been adapted from the adult home mechanical ventilation guidelines and are based on the consensus of the expert pediatric HMV panel. trained to provide parental support. In the absence of private funding, sufficient government funding available to pay for these caregivers. c. Sufficient out-of-home respite needs to be available. d. Family caregivers in agreement that they are responsible for the majority of the care. 8. Each institution or HMV program caring for these children must ensure the patient has the appropriate equipment and supplies needed for long-term ventilation. (Consensus) a. There must be a list of needed equipment and the institution or HMV program must ensure that it is ordered and delivered to the home or is in use. b. Sources for ongoing required supplies need to have been identified. c. There should be a clear protocol in place for maintenance and replacement of necessary equipment. 9. There must be comprehensive initial competency-based training regarding the knowledge and skills needed to care for a child using HMV, plus ongoing education and training for patient and caregivers once they are in the home setting. 29 (Consensus) a. The initial education is organized to accommodate learning, practice and inclusion of caregivers in the care routine as early as possible 10. The patient must have access to healthcare support in the community. (Consensus) a. Follow-up care is available as appropriate (tracheostomy tube changes, ventilator reassessments, interface fit and skin breakdown, adherence and assessment of the ongoing effectiveness of the ventilator support).
b. Medical follow-up to allow for appropriate changes to the mode of ventilation (i.e., from invasive to noninvasive and vice-versa, from continuous to nocturnal and vice-versa) 
